Introduction
The Rust Belt has attracted a substantial amount of attention in the popular press and in many political campaigns as a manufacturing region in a substantial decline. Sean Safford (2009) suggests that the term entered widespread use "during the presidential campaign of 1984 when Walter Mondale criticized Ronald Reagan for turning the industrial Midwest into a 'rust bowl'."
The economic decline of the region has been covered in several popular accounts including Longworth (2009) and Vance (2016) . Of course, in order for the rust belt to develop there had to be a significant concentration of manufacturing activity in the region to lose. Krugman (1991) notes that "US manufacturing was concentrated in a relatively small part of the Northeast and the eastern part of the Midwest. This manufacturing belt took shape in the second half of the nineteenth century, and proved remarkably persistent." Teaford (1993) notes that even during the nineteenth century manufacturing was shifting west from where it had originally developed on the east coast, particularly for heavier categories of manufacturing. This trend was accelerated by the growth of the auto industry in the early twentieth century. While manufacturing came to be part of the character of the region, this concentration of manufacturing made the region particularly susceptible to later changes in trade and technology that impacted employment. This paper constructs an "industrial heartland" region based on the popularly defined geographical boundary along with 1969 data on MSA levels of concentration in manufacturing.
We estimate the economic performance of the region and compare it to other MSAs, both manufacturing-intensive MSAs and MSAs with below-average concentrations in manufacturing (service-intensive MSAs). There are very stark differences evident among these MSAs, with service-intensive MSAs generally showing higher employment, population, and often income growth than manufacturing-intensive MSAs, and the other manufacturing-intensive MSAs in turn outperforming the MSAs of the industrial heartland. These differences suggest it will be worthwhile to examine the role of manufacturing employment losses on outcomes, with a focus on two periods in which manufacturing losses are large and outcomes in these groupings of MSAs are distinctly different.
Prior research has focused on the performance of this region (and closely analogous locations) during the very large manufacturing shocks that occurred in the late 1970 and early 1980s, notably Blanchard and Katz (1992) and Feyer, Sacerdote, and Stern (2007) . We reexamine this period, but also identify a similarly large shock to manufacturing employment beginning in 2001. In both periods a strong cross-sectional correlation between shocks to manufacturing and the economic outcomes of MSAs is evident. The recent literature on the local labor market effects of trade and technology (among other examples, Autor et al., 2013, and Restrepo, 2017) has called attention to the potential differential effects based on the technologies employed, which are likely to vary regionally. Given the ongoing interest in this region and its long-standing and ongoing connection to manufacturing, it is valuable to reexamine the effects of manufacturing job losses in the industrial heartland.
The focus of this paper is on evaluating and measuring economic performance of the industrial heartland and other regions at the MSA level. We examine the responses of nonmanufacturing employment, unemployment, population, and per capita income levels to manufacturing job losses around two major shocks to manufacturing: 1979 to 1983 and 2001 to 2010 . While the second episode of manufacturing employment losses was slower to develop, employment losses in the sector are nearly as large. The size of the manufacturing losses is reliably correlated to economic outcome measures across MSAs during and following these two manufacturing shocks. We then examine whether the impacts of manufacturing employment shocks are larger or smaller in the industrial heartland than in our two comparison groups of MSAs. We find substantial and statistically reliable cross-sectional patterns in the economic performance measures of interest during and following both manufacturing shocks. There also seem to be potentially larger effects in the region that we identify as the industrial heartland.
Finally, despite substantially lower shares of employment and earnings of manufacturing within the industrial heartland in 2001, the effects of the second manufacturing employment shock are substantial (particularly for real per capita income).
Previous literature
The region we look to define in this paper as the industrial heartland is not an officially designated Census region. It incorporates most of the "East North Central" Census division, although Southern Illinois, Southern Indiana, and the Upper Peninsula of Michigan were more focused on mining and agriculture in 1969. Conversely, other areas seem quite similar and are frequently included in discussions of the region, such as Pittsburgh and some of the upstate New York cities (Buffalo and Rochester), even though the states in which these cities are located are in the Middle Atlantic Census division. The industrial heartland is similar but not identical to regions studied in earlier works. Meyer (1989) and Krugman (1991) examine the rise of the "manufacturing belt," defining it in terms of a dense concentration in heavy manufacturing dating from the late 19 th and early 20 th centuries. The locations cited in these papers are consistent with the MSAs of the industrial heartland except the industrial heartland excludes the cities east of the Appalachian Mountains, which in many cases had different industrial focuses.
Our list of industrial heartland MSAs is also consistent with the more historical account of the development of the "industrial Midwest" in Jon Teaford (1993) and also the historical account of the use of the "Rust Belt" as a regional definition in High (1997) . Finally, accounts of the economic development of the United States draw attention to the region, noting that "…[s]patial redistribution of the manufacturing sector is one of the most important developments in the twentieth-century United States…" Heim (2000) . More recent analyses of Rust Belt effects also require definitions, although they tend to focus on convenient grouping of states, for example, Faberman (2002) or Alder, Lagakos, and Ohanian (2014) . While no particular definition appears to dominate in the literature, there are many common features in prior definitions, and the industrial heartland region roughly accords with the literature.
The performance of the region, broadly and variously defined, has been an active research focus. Alder, Lagakos, and Ohanian (2014) apply a general equilibrium model to identify factors underlying the weak performance of Rust Belt states. The focus of this research is on the average productivity of manufacturing in the region, and while their research is related to this work, our model will imply cross-sectional patterns of growth rather than examine the patterns over the episodes of manufacturing job loss. Pendall, Poethig, Treskon, and Blumental (2017) examine the performance of Great Lakes states since 2000 and project performance going forward. Their results are similar to the trends shown in Section 5, but these authors focus more on mobility and population counts rather than the cross-sectional patterns of manufacturing job losses and growth within the region. This paper is most related to the examination of the decline in manufacturing in the late 1970s and early 1980s by Blanchard and Katz (1992) , where they employ panel data to model the joint fluctuations of employment, unemployment, wages, and prices at the state level. They find reliable patterns of swift recovery in unemployment and a more gradual recovery in per capita incomes, while employment losses are essentially permanent. By drawing attention to the effective adjustments that had been made to large shocks in the Rust Belt states, Blanchard and Katz's work helped to shape the view that mobility allows effective adjustments to regional shocks in the United States. Feyer, Sacerdote, and Stern (2007) examine similar issues using county and MSA data but use cross-sectional variation in performance during and in a fixed period following the sharp downturn in the steel and auto industries. Our analysis follows the general approach of Feyer, Sacerdote, and Stern (2007) 
Defining the region
There is no official definition of the Rust Belt or the industrial heartland despite abiding interest in the topic. Reasonable representations can be found for the region, but there are subtle differences in where the lines are drawn. We adopt and make more specific various accounts of the region, including Safford's (2009) For comparison purposes we split the remaining 318 MSAs into two categories based on whether the share of their 1969 derived manufacturing was above or below the national average.
There were 95 MSAs outside of the industrial heartland that had shares of earnings from manufacturing above the national average. These we call "other manufacturing-intensive
MSAs." In this analysis, these areas represent a set of MSAs similarly exposed historically to 2 While some counties that currently have substantial manufacturers are excluded from this definition, we are aiming for a 1969 definition. Because today's MSA boundaries include many counties that were previously viewed as mostly rural the level of concentration in the early period is probably understated. Using MSAs instead of counties also avoids most nondisclosure problems. BEA data outside metropolitan areas is more frequently subject to nondisclosure rules which suppress employment figures when there are only a small number of employers in a given industry. MSAs. While the switchover to NAICS coding certainly appears to affect each series, the longerrun trends are clear before and after the coding shift.
Manufacturing employment losses and patterns in industrial heartland economic performance
As figure 2 shows, manufacturing has been steadily and persistently declining as a share of earnings for the past three decades in all of our three MSA categories. However, assessing the importance of manufacturing to regional economies by studying earnings shares hides sharper changes in employment because periods with sharper losses affect earnings from other sectors as well.
Total manufacturing employment levels in the three regions, shown in Figure Figure 3 also shows that the episodes were characterized by distinct patterns of recovery.
After the first episode of manufacturing job losses, few manufacturing jobs returned to the industrial heartland, but the other two categories of MSAs recovered more of the manufacturing jobs they had lost. This period represented a significant regional shock that was balanced largely within the United States. In contrast, the employment losses were more generally shared in the second episode, and while we have less time in which to evaluate the recovery process, it appears to be a little stronger in the industrial heartland.
The cross-sectional patterns within these changes will be the sole source of independent variation in our statistical analysis. Before turning to a statistical analysis of economic performance measures, it is helpful to review the relative patterns of economic performance in these three categories of MSAs to see the scale and timing of the changes.
Nonmanufacturing employment
The decline in manufacturing employment has affected nonmanufacturing employment, but the impact is significantly different across the three categories of MSA. Figure 4 shows that nonmanufacturing employment has been growing far faster in areas that were historically less focused on manufacturing. Because the overall employment levels are far higher in the serviceintensive MSAs, all three series are indexed to their 1969 level in Figure 4 . In addition, nonmanufacturing employment in the industrial heartland clearly grew more slowly (up just about 50% in 48 years) than in other manufacturing-intensive MSAs. During both periods of manufacturing loss, nonmanufacturing employment growth looks to have slowed more in the industrial heartland. This is particularly evident in the 1979 to 1983 period, when nonmanufacturing employment declined in the industrial heartland, while the other two categories of MSAs actually experienced gains in nonmanufacturing employment despite the back-to-back recessions in the period.
Unemployment rates
One of the strong conclusions of the prior research by Blanchard and Katz (1992) and Feyer, Sacerdote, and Stern (2007) is that regions faced with large unemployment shocks in the United States are able through the reactions of households to achieve unemployment rates typical of the nation within a brief recovery period. This tendency is very evident in Figure 5 , which plots labor-force-weighted unemployment rates for the three categories of MSAs beginning in 1976 when the BLS estimates are first available. The average unemployment rate in the industrial heartland peaked at 11.9% in 1984, but 5 years later it was back down to the pre-shock level of 6.0%. This was still 1.6% higher than the average unemployment rate in other manufacturing-intensive MSAs and 0.8% higher than in service-intensive MSAs. It was not until the 1990-91 recession, which impacted these other regions to larger degree, that the unemployment rate in the industrial heartland dropped below the unemployment rates in the other two categories of MSAs. The second period of manufacturing employment loss initially coincided with an expansionary period, which resulted in a falling unemployment rate in the industrial heartland. The rate declined more slowly than in the other MSA categories and was several tenths higher when the 2007-9 recession started. During the recession, unemployment reached 10.3% in the industrial heartland and was still higher than in the other categories of MSAs. In the subsequent recovery unemployment rates in the industrial heartland declined sharply and were quite close to those of the other MSA categories by 2015.
Population
Among the basic indicators of the success of a region is its attractiveness for population growth, but population movements are also a primary mechanism for unemployed households to respond to persistent employment shocks. Prior research has highlighted the role of population growth as a mechanism for adjustment but has not directly measured the impact on the industrial heartland. Accounting for differently sized starting populations, the values shown in Figure The industrial heartland population series shows a local peak in 1979 at 41.4 million and then declines 1% by 1986. After this point, the population gradually rises in the industrial heartland including during the second major period of manufacturing job loss.
Per Capita Income
Per capita income represents a clear connection to the prosperity of households that remain in the region. Manufacturing employment shocks might be expected to impact the income of affected communities, but the adjustment response after the shock might also alter the average income based on the new mixture of available jobs and the composition of the workforce. Figure   7 shows the average per capita personal in 2015 dollars for the three categories of MSAs. 
Measured impacts of two episodes of manufacturing decline
The regressions in this paper follow the spirit of Feyer, Sacerdote, and Stern (2007) . They examine the average response of a variety of economic performance indicators (employment, nonmanufacturing employment, unemployment rates, population, and real per capita income) to a specific manufacturing shock, in our case measured by the log change in manufacturing employment. Separate regressions are run for the period during which manufacturing declines are high, a five-year period following the shock, and the period combining the shock and the recovery. In general, the regressions have the following form, with observations at the MSA level:
These regressions use the cross-sectional variation in the change in manufacturing employment to predict the change in a given economic indicator in each MSA, at this point with no distinction as to whether the MSA is in the industrial heartland or not. For the initial regression Census divisions are used to control for general regional patterns, following Feyer, Sacerdote, and Stern (2007) . Table 3 impacts to declines in manufacturing employment, along with the longer period of the shock, which might allow more adjustment to occur in the "shock period." The coefficients in Table 4 are in fact somewhat smaller, but the general pattern is maintained. Nonmanufacturing employment is reduced about 10% in proportion to the manufacturing shock (coefficient of 0.10), with similar initial impacts on population (0.08) and real per capita income (0.11). In contrast to first manufacturing shock, the estimates of the recovery period effects are all smaller than those of the shock period. Nonmanufacturing employment and incomes are not substantially lower for impacted MSAs during the recovery period, and the bounce back in unemployment is enough to more than offset the initial rise (a coefficient of 0.02). Population continues to decline relative to the general trend (a coefficient of 0.05) in places that experienced the manufacturing shock. The effects across the MSA types are essentially zero for unemployment over the full episode, but nonmanufacturing employment, population, and real per capita income are substantially lower in impacted areas following the second manufacturing shock.
The estimates in Tables 3 and 4 Tables 3 and 4 7 . In the more flexible form the regression equation becomes: Table 5 that the scale of effects is different in the three types of MSAs. The estimated effects are substantially larger in the industrial heartland than in both the manufacturing-intensive and service-intensive MSAs, The regressions have tightly estimated coefficients that make many of these differences in coefficients statistically significant as well.
It is clear in
On nonmanufacturing employment, the shock has an impact of 0.29 in the industrial heartland versus 0.22 in other manufacturing-intensive MSAs and 0.17 in service-intensive MSAs. The effects of manufacturing losses on unemployment rates, population, and income are also larger in the industrial heartland during the shock period. That said, it is informative that all of the coefficients remain statistically significant and of the same sign as the constrained regressions, implying that the overall patterns of outcomes following manufacturing losses (or, in relatively uncommon cases, gains) were associated with similar effects in each type of MSA. The effects on real per capita income in the recovery period are also similar although notably smaller and less precisely estimated. The average results for during, after, and the full episode will be examined in the next section, but the full episode effects (not shown) are generally a bit larger but similar.
The effects of manufacturing employment decline are also larger in the industrial heartland than in the other types of MSAs during the second manufacturing shock and nearly as large as the effects seen during the first manufacturing shock, with the notable exception of the unemployment rate. For example, the measured effect on nonmanufacturing employment has a coefficient of 0.23 during the second shock versus 0.29 during the first shock in the industrial heartland, and versus 0.12 and 0.06 for the second shock in the manufacturing-intensive and service-intensive MSAs, respectively. The change of the coefficients for population and real per capita income between the first and second manufacturing shocks in the shock period are not statistically significant in the industrial heartland. The differential effects are also large relative to the other manufacturing-intensive MSAs and service-intensive MSAs, both of which appear to see less of an impact from manufacturing loss in the second period. At the same time, the unemployment effects are substantially smaller in each type of MSA during the second manufacturing shock. The recovery results are also smaller and less precisely estimated, although generally in the same direction, following the second manufacturing shock.
Factors explaining post-shock economic performance
The regressions indicate important correlations between manufacturing decline and MSA outcomes and reveal that those correlations are larger at times in the industrial heartland. These results suggests that the two manufacturing shocks played a key role in affecting the time patterns of economic performance revealed in Figures 3 to 6 . In order to assess the role of manufacturing on the average time patterns within the three MSA types, we compare the average changes in the data, with
= from the simple model, with an equal manufacturing effect for all MSA types, with ( * = )for the less-constrained model, along with the prediction from the unconstrained model incorporating prior trends. The two partial model estimates are adjusted to be comparable to the sample mean for comparison purposes, which in effect incorporates the aggregate time pattern implicit in the constant and dummy variables. This comparison is designed to reveal whether the variation in the included component can predict the time differences seen in the data, based on regressions that use only cross-sectional variation to identify the effects. Figure 8 shows these alternatives for total employment. In the regression section the focus was on nonmanufacturing effects in order to avoid double counting the shock in a nontransparent way, but at this point the effects on nonmanufacturing employment are clear, so we focus on the socially relevant total employment. The graph in the upper left panel of Figure 8 shows the average employment growth in the three types of MSAs during and after the manufacturing shock. The graph in the upper right is just Xβ for the manufacturing shocks from the simple model shown in Table 3 . Accounting for cross-sectional variation in the manufacturing shock does a reasonable job of replicating the ordering of the effects, although it tends to mute the differences between the industrial heartland and service-intensive MSAs.
Allowing for the effects of the manufacturing shock, not surprisingly, does let the model fit the industrial heartland and service-intensive MSAs better, as shown in the bottom left panel. In this panel, there is only a relatively small understatement of the effects on the industrial heartland.
The final chart, bottom right, brings in the prior trend data into the predictions, which allows the model to get very close to the underlying data, although the overall pattern is fit remarkably well with just information on the manufacturing shocks. Overall, this sequence of predictions confirms that the cross-sectional variation in the manufacturing shock within the MSA types is consistent with the relative total employment trends of the MSA types during and after the first manufacturing shock.
This analysis of prediction patterns is extended to nonmanufacturing employment, population, and real per capita income in Figure 9 . Unemployment effects are not shown because the time pattern is similar between MSA types, and differences are easily replicated with the relatively simple manufacturing effects model. The relatively good fit of relative employment trends based on cross-sectional variation is maintained when the focus is on the indirect employment shown by nonmanufacturing employment (in the first row), where both the simple model and the regional effects model are able to mimic the patterns in the raw data. The second row shows the predicted population effects, and while the manufacturing shock coefficients are statistically significant, they only replicate the general ordering of the population growth patterns, and leave other factors to explain the population losses seen in the industrial heartland.
When pre-existing trends are included in the predictions (not shown), the model is able to essentially replicate the pattern seen in the data (left panel of the second row). These results suggest that only part of the MSA-type/regional migration patterns were driven by employment shocks, as pre-shock trends significantly altered the population shifts. The third row of Figure 9 examines the real per capita income effects, which again show substantial prediction differences across the categories of MSAs based on the variation within the MSAs in the size of the manufacturing shock. So while population shifts require a strictly regional source of variation, income effects seen in the industrial heartland, where they decline initially and bounce back in the recovery period, are more tightly connected to manufacturing shocks. The one category that the model fails to fully fit with the manufacturing shock is the strength in income growth during the recovery period seen in other manufacturing-intensive regions, even when manufacturing shock effects are allowed to vary by MSA type.
As the regression tables show, the estimates from the first and second manufacturing shocks are different. The model does considerably better when the pre-period trends are accounted for as in the full predictions, as shown in the bottom right panel. So while the manufacturing shock has a statistically significant effect on total employment growth during and following the second manufacturing shock, it is necessary to include regional effects to match the relative outcomes on employment growth. Figure 11 shows the results for the other outcome measures excluding unemployment, and the time pattern is similar across the MSA types, although the shock and recovery effects are a little larger in the industrial heartland. The first row is very similar to total employment, which is not surprising given the low manufacturing share of employment at this time. Regional variation is necessary to mimic the patterns of relative employment growth, although the effects of the manufacturing shock do imply an ordering of employment growth.
The population estimates, shown in row 2, show that the manufacturing shocks, while statistically significant in some cases, are unable to replicate the overall patterns of population growth across MSA types. The final row of Figure 11 is more interesting given the very large shift in income growth seen in Figure 7 for the industrial heartland starting with the second manufacturing shock. While the simple manufacturing shock model can get only the ordering of the income growth correct, allowing the effects of manufacturing shocks to vary by MSA type enables the model to replicate the relative levels of real per capita income growth. The crosssectional variation with MSA types identifies a pattern that is ultimately able to fit the income growth seen across MSAs during and following the second manufacturing shock.
It is also worth noting that the income effects are still quite evident after 5 years of recovery. Looking at the first manufacturing shock period, Blanchard and Katz (1992) find a slower recovery of income than unemployment, but the recovery in income is well underway 5 years later. These estimates of the industrial heartland income effects are persistent at 5 years, as the recovery period does not show any substantial bounce back relative to the other MSAs. Blanchard and Katz (1992) examined the Rust Belt around the time period that we refer to as the first manufacturing shock, 1979 to 1983, in their "Regional Evolutions" paper. Their time-series approach shows a reasonably smooth adjustment to a major employment shock primarily experienced in the states of the East North Central Census division. Feyer, Sacerdote, and Stern (2007) examine the same period and show that a focused period of job losses in steel and automobile production is associated with significant changes in employment at both county and MSA levels of aggregation, but it has relatively little effect on longer-term unemployment rates. The key result of both papers is that, at least in the United States, regions swiftly adjust to very large employment shocks primarily through changes in population. Blanchard and Katz also find that regions recover their average income levels following an employment shock, although the recovery in incomes is more gradual.
Conclusion
We examine this early period of job losses in the industrial heartland, along with a later manufacturing shock from 2001 to 2010 that is associated with a very similar levels of job loss.
Our results are consistent with the prior results for the first manufacturing shock for the specific geography of the industrial heartland. It continues to the be case that employment losses spread well beyond the manufacturing sector, and that unemployment rates drop swiftly following the job losses in large part due to significantly slower population growth. However, even in the first manufacturing shock, our estimates indicate that the income effects were larger in the industrial heartland and that some of this effect persisted past 5 years.
Our results for the second manufacturing shock are qualitatively similar in the industrial heartland, even though the industrial heartland has diversified away from manufacturing, deriving 26% of earnings from manufacturing in 2000 compared to 35% in 1978 (both on an SIC basis). Other manufacturing-intensive MSAs, along with service-intensive MSAs, also experience large manufacturing losses in this manufacturing shock. Nonetheless, the size of the loss in manufacturing employment in the industrial heartland is more strongly correlated with the size of the loss in nonmanufacturing employment within the industrial heartland MSAs than in the other types of MSAs. Despite larger job losses, the unemployment rates still recover swiftly in the industrial heartland, due to the slower rate of population growth. In this second episode, weaker population growth seems to be more of a persistent trend in the industrial heartland
MSAs than a reaction to manufacturing job losses. The biggest difference between the two episodes is that the income effects are larger and more persistent in the second. The industrial heartland sees substantially slower income growth during the second manufacturing shock, and in the following 5-year period income levels still have not recovered. This an important issue to examine further because it implies a much less sanguine take on the nature of regional evolution the industrial heartland, despite the ongoing diversification of the region. Source: Author's calculations using BEA data. NBER peaks shown in grey dashed lines. 
